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HIG3-sl?EEDWIND—TUNNELINVESTIGATIONOFANNACA65-210

SEMISPANWINGEQUIPPEDWITCHPLUGANDRETRACTABLE

AILERONSANDA FULL-SPANSLOTTEDFLAP

By JackFischelandLeslieE. Schneiter

SUMMARY

A high-speedwind-tunnelinvestigaticmwasmadetodetezmdnethe
lateral-controlcharacteristicsofplugendretractableaileronsona
thin,low-drag,semlspanwingequippedwitha 25-percent-chozd,full.-spin,

r slottedflap.Theailercmsinvestigatedc6vered49percentofthewing
semi.spn~wereboatedatthe70-percent-chordstation,andwereyerfo-
ratedandse~nted. Theinvestigationwasperformedthrougha Mach
ruuiberrangefrm 0.13to0.71.TheMachandReynoldsnumberswerem
simultaneouslyvariedduringtheinvestigation.

I

.

Withflapretractedordeflected,thevaluesofrolling-mcmmnt
coefficientproducedbyprojectionofthebasicplugorretractable
ailercmsgenerallyincreasedwithin:reasein theMachsmdReynolds
numbers,particularlyforsmallprojectiunsintheflap-retractedconfig-
uration.Therollingeffectivenessofthebasicplugailercmgenerally
increasedwithincreaseintheangleofattackinbothflayconfigu-
rations;whereaatherollingeffectivenessofthebasicretractable
ailerongeneraUyincreaaedwithincreaseintheangleofattackonly
at smallprojectionsintheflap-retractedconfiguration.Almostlinear
controleffectivenesswithaileronpro~ectionprobablywouldbe provided
bybothaileromat allspeedsintheflap-retractedconfiguration.
Appreciablylargervaluesofrolling-momentcoefficientwereproduced.
atallprojectionsofthebasicplugandretractableaileronswiththe
fuIl-spanflapdeflectedthanwereproducedwithflapretracted,and
largevaluesofrolling-momentcoefficientwereproducedbybothailerona
abovetheflap-cleflectedstallangle.Incmsistenttrendsofreversed
rollingeffectivenessforsmallpro~ectionswereexhibitedby the
retractableaileronwithflapdeflected.

Favorablevaluesofyawing-momentcoefficientthatbecamemore
favorablewithaileronprojection,lessfavorablewithincreaseinthe
engleofattack,andwereessentiallyunaffectedby increasetithe
Machnuuiberweregenerallyobtainedwiththebaaicplugandretractable
aileronsbelowthewingstallangle.
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Thevariationofhinge-momentcoefficientwithprojectimofeither
thebasicplugorbasicretractableai.lermwaqgenersJlyirregularover
theprojectionrangeandexhibitedeithersmallorinconsistentchanges
withincreasefitheMachnuniber.Withflapretractedthecurvesof
hinge-mcmentcoefficientagainstailermprojectimfortheplugaileron
weregenera~ystableoverthenegativeprojectionrangeandbecememore
stablewithincreaseinthesngleofattack;whe~asthecorrespmding
dataoftheretractableaileronweregenerallyunstableforsmallprojec-
tions,stableforlargeprojections,andwereinconsistentlyaffected
by changesh theengleofattack.Withtheflapdeflected,morenegative
valuesofhinge-momentcoefficientwereobtainedat smallprojectionsof
thebasicplugaileronandmorepositivevaluesofhinge-momentcoeffi-
cientwereobtainedatlargeprojectionsofthebasicretractableailemm
thanwereobtainedwithflapretracted.

Sevenalmodificationsofthebasicplugandbasicretractable .
aileronswereinvestigatedandwereobservedtohaveeithera slight
ora neg13gi131eeffectontheaileronrolling—momentcharacteristics
enda substantialeffectonthehinge-momntcharacteristics.A means
ofsltering,to someextent,thelateral-@ntrolcharacteristicsof
theaileronistherebyavailable.

im’’mommolv

Thenecessityofprovidingsufficientlyhighliftforlandingand
take-offandadequatelateralcontrolthroughouttheflight-speedrange
forthefasterandmoreheavilyloadedairplanesinuseorinthedesi~
stagehaspresenteda problemto airplemedesigners.If conventimml
wing-tzailing-edgeailerunsareusedinconjunctiontitha partial-span
flap,theproblemofobtainingtheliftnecessitatedbystalling-speed
andtab-off-distancerequirementsbeccmesserious,aedoesthelateral-
controlproblemnearthestall.As a solutiontotheseproblems,the
useofspoiler-typelateml-controldevicesincmjunctimwithfull-
spanslottedflapshasbeenproposedandhasbeen-thesubjectofa
nwber oftivestigationsby theI’iatimalAdvisoryCommitteefor
Aeronautics.(SeereferencesI to 8.) Theretitsoftheserelatively
low-speedtivestigationsofwingshavingconventionalairfoilsections
indicatedsomeoftheMrits ofspoiler-typelateral-cmtroldevices,
suchascontrolathighsnglesofattaok,favorableyawingmomentsj “
smallerwingtwislxlngmomentsthenailercmsendhencehigherreversal
speeds,smallstickforces,andtheincreasedeffectivenessofthese
controlsw~enfull-s@nflapsaredeflected,particularlywhena “plug
tileronisused. ~ addition,oneofthemostapparentadvantages
~ossiblewithspoiler-t~econtrolsis theincreasedliftobtainable
throughuseofa full-spanflap.Moreover,aninvestigaticmperformed
onanumflapysdwinghavinga hi@ criticalspeed(reference9) indicated
anincreaseineffectivenessoftheretractableaileronwithanIncrease
inspeeduntilthecriticalMachnumberwaaexceeded.

.
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.
Becauseofthepaucityofetistingfinite-spaneyoiler-cmtroldata

onwingshavinghighcriticalspeeds,thesubJectinvestigatimwaa
performedintheLengleyhigh-speed7-by 10-foottunnelto ascertain

. thelatered.-controlcharaoteri&ticsofa thin,low-drag,semispanwing
equippedwitha full-spanslottedflapandeithera plugeilerm,a
retractableaileron,ora modifiedplugorretractableaileron.The
presentinvestigationisan extensiunoftheinvestigationreported
h reference10. TestsoftheO.492-smispanspoiler-t~eailerons
wereperformedthrougha projectionrange,withthefqll-spanflap
retractedordeflected,atvariousspeedsup to a MachnumiberofO.71.
Winglift,drag,andpitching-momentcharacteristicsweredetendned
onlyat a Machnumberof0.71withthefull-spanflapr&ractedandat
a MachnmiberofO.13withtheflapdeflected,sincethesecharacter-
isticshadbeendeteminedat,variousspeedspreviously(reference10).

SYMBOLS

Themomentsonthewingarepresentedaboutthewindaxes. The
X-axisish theplaneof symmetryofthemodelandisparalleltothe
tunnelfree-streamairflow.TheZ-axisisintheplaneof syrmnetry

. ofthemmieland“isperpendiculartotheX-axis.TheY-axisismutually
perpendicularto theX--s andZ-axis. AIL threeaxes intersectatthe
intersectimofthechordplaneEWMIthe35-percent-chofistatimatthe
rootofthemodel.

.
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The symbolsusedin

LLftcoefficient

dragcoefficient

thepresentationofresult,sexeasfollows:

e o s~) model
qs

pitchingamnentcoefficient

(m
icePitchiq momentofsemispan

)
modelaboutY-axis

qsF

rolling-mcmentcoefficient
()&

()
yawing-momentcoefficient4

qsb

aileronhinge-momentcoefficient
(
% whereM isareamoment
3

)
ofailerontopedgeabouthingeline

wing-tiphelixangle,radians

dampingcoefficient;thatis,rateofch

T)

e ofrolling-mment
*2coefficientwithwing-tiphelixangle
~
2V
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localwingchofi

[J )

/2
wingmeanaerodymmicchord,2.86”feet $ c2dy

*

twicespanofsetispanmodel,16feet

lateraldistancefrm planeofsymmetry,feet

twiceareaofsemisp&mcdel,44.42squarefeet

twicahag of semispnmdel, pounds

ro3&n.mment,resultingfromaileronprojection,aboutX-=s, ,
foot-poundE

yawingmment,resultingfromaileronprojection,shoutZ-axis,
foot-pOunae

ailerunbingem-nt, positivewhen-e mommt tendstodepress
aileron,foot-pounds

free-stream-c pres6ure,poundspersquarefoot
(?
+v

free-streamvelocity,feetpersecond

massdensityofair,slugspercubicfoot

angleofattackwithrespectto chordplaneatrootofmodel,
&egrees

Machnumber(T/a)

Reynoldsnmiber

speed

Withthe
presentedare

Thetest

ofsound,feetpersecond

CORRECTIONS

exceytionoftheailercmhingeamnentdata,elllthedata
basedonthedimensionsofthecompletewing.

datahavebeencorrectedforjet-boundaryeffectsaccon3.ing
tothemethdsoutlinedinreferenceU. CompressibiU.tyeffectson
thesejet-boundarycorzwctimshavebeenconsideredincorrectingthe
testdata.Blockagecorrecticmswereappliedtothetestdataby the
methodsofreference12.

—-— . . ..— — ..— .—. —-. —.-
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MODELANDAPPARATUS

Theright-semispan-wingmodelwaamountedinaninvertedposition
intheLangleyhigh-speed7-by 10-foottunnelwithitsrootsectim
adjacentto oneoftheverticalwaUs ofthetunnel,theverticalwall
therebyservingasa reflectionplane(figs.1 and2). Thewingmodel
wasbuiltto theplan-formdimensicmsshowninfigur%3 andhad.an

‘ NACA65-210airfoilsection(tableI) frm roottotipwithneither
twistnordihedral.Themodelhadm aspectratioof 5.76anda ratio
Oitipchordto rootchordof0.57.No transitionstripswereusedon
thewing endanattemptwasmadetokeepthemodelsurfacesmooth
duringtheentireinvestigation.

Thefull-span,O.25c,slottedflapwaabuilttothesectiondimen-
sionspresentedintableI andtheplan-fonndimensionsgivenin
figure3 andisshownmountedon thewinginthetunneltestsectim
infiguxes1 and2. Thedesigndimensionsfortheflapaapresented
intableI agreewiththedimensicmsforS1Ottedflap1 giveninrefer-.-. ence13. Theflapdeflection(45°)andthenorinalflappositionwith
re~ecttotheupper-surfaceairfoillipemployedintheinvestigation
reportedinreference10wereusedfortheflap-deflectedconfiguration

. inthepresentinvesti~ticm.

.

.

A moredetaileddescriptionoftheconstructionandmountingof
themodelispresentedinreference10. Themodelwasmodifiedinthe
interimhetweenthisinvestigationandthatreportedinreference10
to acconmmdatethesyoiler-t~e ailerms. The0.492-semispan,spoiler-
type,lateral-controldevicewasbuilttotheplan-formdimensions@ven
infigure3 andis shownmountedonthewinginfigure1. SectioncUm8n-
sionsofthebasicplug-aileronandretractable-aileronconfiguraticms
testedareshownin figure4. Theaileronswerefabricatedfromsheet
steelin segmentswhichwereperforated.Theaileronperforations
removedabout9 percentoftheoriginalaileronarea.Theailerm
se~nts hadactuatingarmsateachendofeachse~nt as shownin
figure5. Theailermactuatingarmswerefirmlyattachedto a steel
shaftthatwascenteredontheailermhhge axis. Thissteelshaft
extendedoutsidethetunnelwau to a calibratedshaft-rotatingmechanism
anda calibrated,beam-type,strain-gagesetup.Thesteelshaftwas
rotatedby thismechanismin ordertoproducethevariousaileronprojec-
tionsemployedintheinvestigation,andtheaileronhingemomentswere
simultmeouslyobtained.

Thevariousmodifiedarrangementsofthebasicplugandretractable
ailermstestedareshowninfigure6,anda slmtchofeachconfiguration
testedis shownoneachofthesubsequentfigurespresentinglateral-
controldata.

TheLangleyhigh-speed7-by 10-foottunnelisa closed-throat
single-returntunnel.Theturbulenceofthetunnelairstreemhasnot
beendeterminedbutisthoughttobe lowbecauseofthelargetunnel-
Contractionratio(14to 1). Thisleliefissubstantiatedby turbulence
measurementsmadeintheLengley300MPH7-by 10-foottunnel.

.. ——___ — -.— — .— _..4—
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were
Wingangle-of-attacktestswiththeflapzwln?actedanddeflected
perfo?medatrespectiveMachnumbersof0.71an~O.13,yithcgrre-

spendingReynoldsnmibersofapproximately10.3X 10~and2.6X 10~
basedonthemeanaerodynamicchordof2.86feet.

Latersl-controltestswereperformedwiththebasicplugendretract:
ableailermsthroughtheailercmprojectionrangeatvariousanglesof
attackandatMachnumbersfrom0.13toO.~ withthefull-spanflap
retractedordeflected.Withtheplugaileron,a projectionrangefrom
about2 percentchordto -8percentchordwascovered,andwiththe ‘
retractableailerm,a projectionrangefranO Tercentchordto about
-8percentchotiwascoveredinalmostallthetests.Negativeprojec-
tionsindicatethattheail.eronawereextendedabovethewing. k
additiontothebasic@zg-ailermandretractable-aileronarrangements
tested,severalmodificationsofbothailerons(fig.6)weretivestfgated.

ThevariationofReynoldsnmiberwithMachnumiberforthesetests
iSshowninfigure7● TheMachandReynoldsnumberswerevariedsimul-
*eously duringtheinvestigation.

DISCUSSION

WtigAercdynemicCharacteristics

Theaerodynamicch~tetisticsofthewingintheflap-retracted
conditionat a MachnumberofO.~ andin theflap-deflectedcondition
ata Machnumberof0.13areshowninfigures8 end9,respectively.For
comparativepurposesdataobtainedforthewingbeforetheadditionof
thespoiler-type-aileronccmfiguration(previouslypresentedinrefer-
ence10)arealsoshown.

Theeffectofaddingtheplugailerontothecleanwing(referencelo)
waatodecreasetheliftslightlytitheflap-retractedconfiguration
endtodecrea8etheliftandincreasethedragslightlythroughoutthe
angle-of-attackrange,exceptatmaximumlift,intheflap-deflected
configuration.

~ ordertoverifyona finite-spanmodelthehystensiseffects
(lossinliftatenyangleofattackwhenthewingangleofattackis
decreasedfrmaabovethestall)scmmtimesencounteredintwo-dimnsimml.
flowonthecurveofangleofattackagainstliftcoefficientforthe
flap-cleflectedc~titi~, thedatapresentedb figure9 wereobtained

.

by tireasingtheangleofattackabovethestallandthendecreastigit.
Thedata(fig.9) Ncate thatthehysteresiseffectsweregenerally
smallexceptforthemaximumvalueofliftcoefficientforwhicha .

reductionofaboutO.1occurred.
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Lateml-ControlCharacteristics-PlugAilerm

Basicplugaileron.- Thelaterhl-ccmtrolcharacteristicsofthe
basicplugaileronatvariousMachnumbersandanglesofattack?xe
presentedinfigures10 andU fortheflap-retractedconditionandin
figureel$?and13 fortheflap+eflectedcmditicm.

IncreasesintheMachemdReynoldsnumbersintheflap-retracted
orflap-deflected.configurationsgenerallyresultedinrelativelylarge
increasesintheailercmeffectiveness(figs.10,12,end14),except
titheflap-mtraotedconfigurationwherea slightreductionineffective-
nesswasnotedas theMachnumberincreasedfrmu0.27to0.41. This
reductionisthoughttoresultfromchangesinthewingpressuredistri-
butioninthevicinityofthewingplugslotastheMachn~er increased,
whicheffectintzunmayhave5nfluencedtheflowthroughtheslotand
thereby,theaileroneffectiveness.Thisbe~ef isbasedcmunpublished
pres~+istributicmdataobtainedonawing thatwasequippedwith
retractableaileronsatthesamechordwisestatimasthepresentwing
andemployedthesameairfoilsection.

Thedataoffigures10 andU showthatat smallenglesofattack
andlowMachnmibersintheflap-retractedconditiautheplugaileron .
wassomewhatineffectiveforsmallprojectimm.Thisphenumenun-has
beenobservedwithretractable-typeaileronsonconventionalwingsections,
butwasalleviatedwhena slotwasaddedbehindtheaileron(references4
end5). Theplugslotonthepresentwingmodelwasthereforebelieved
tobe comparativelyineffectiveattheselowangles.ofattackandklmh
numbersbecauseoftheplug-slotnarrownessandits-probablyweak“scoop
effect”andalsobecauseofthesmalldifferencesinpressureexisting
betweenthetwowingstiacesinthevichityoftheplugslotwhenthe
flapwasretracted(asisalsoshown~ thepreviouslymentionedunpub-
lishedpressuredata).Withtheflapdeflected,thepressuredifference
betweenthetirowingsurfacesneartheplugslotwassufficienttocause
theplugslotto ficreasetheaileroneffectiveness.Thecomparative
ineffectivenesswithflapretractedforsmallanglesofattaokandlow
Machnumbersjustdiscussedisinconsequential,however,becausean
airplanehavtigevenmoderateperformancee characteristicswouldnotfly
inthiscond}tionexceptin a dive.Forflap-retrectedlevelormaneu-
veringflight,computationsmadeforairplanewingloadingsof20 and
&)poundspersquarefootshowedthattherolllngeffectivenesswould
varyalmostlinearlywithailerunprojecticmthroughoutthespeedrange
endthattheailermeffectivenesswouldincreasewithipcreasein speed.

Increaseoftheangleofattackbelowthestallangleh bothflap
configurationsgenerallyincreasedtheaileroneffectivenessoverthe
negative-ailercm-projectionrangeforMachnumbersbelow0.61.For
positiveaileronprojections,smalladverserollinnmoments,thatbecame
moreadversewithincreasein a wereobtainedwithflapretracted,
whereaaangle-of-attackincreasewithflapdeflectedgenerallytended
toproducemorefavorablerollingmoments.Therefore,foran~rplane
utilizinga plug-ailercmwtigponfiguratlons~lar totheconfiguration
investigated,theeffectiveness(aswellas othercharacteristics)of

-. —..___ . .. —.————_ —
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thepositive-projectionrangemaylimittheuseableaileronprojection
inthisrangeandthusaffecttheailemmcontrolsticklinkage.

Theailermeffectivenessobtainedwithflaydeflected.wasconsid-
erablylargeratallpro~ectionsthanthat”obtainedwithflapretracted;
themmchumm.luesof Cl obtainedwithflapdeflectedwereabut
125yercentlargerthenthe~valuee of Cl obtainedwithflap
retracted.Moreover,thedataoffigures12(e)and13(a)indicatethat
the%asicplugaileronwaaquiteeffectiveandprovidedlargerolling
momentsabovetheflap-deflectedstallangle.

A lossh aileroneffectivenessusuallyoccurredatMachnumbers
below0.61fornegativeaileronprojectionsabove-7.3percentchoti.
At thisprojectiontheaileronemergedfromthewing,andata projection
of :8.33percentchord,a gapofabout2 percentchordexistedbetween
theaileronandthewinguppersurface.It isbelievedthatatthese
largeprojectionsandatMachnunibersbelow0.61,theailerontendsto
actasa scoopoverthewinguppersurfaceandto effecta partial
pressurerecoveryonthewingrearwardoftheaileron,thepressure
recoverytherebycausinga lossineffectiveness.In theplug-aileron
investigationreported.inreference14,a similareffectwasshown,
buttoa lesserdegree,becausethegapbetweenaileronandwingwaa
smallertheninthepresentinvestigation.

Thevaluesofyawing-momentcoefficientobtainedby projectionof
theplugailercmat8mglesofattackbelowthewingstallanglewere
generallyfavorable(thatis,havingthessmesignas thevaluesof cl),
particularlyintheflap-retmtedconfigurati~.Thevaluesof Cn
generallybecsmemorepositivewithincreaseinaileronprojection,
decreasedwithan~e-of-attackincrease,andwereeitherslightlyor
inconsistentlyaffectedby changesinMachnmiber.Thevaluesof Cn‘
generallywerelessfavorablewiththeflapdeflect@thanwiththeflap
ntracted.

Thevariatimofhinge-manentcoefficientwithplug-aileronprojection
wasirregularovertheprojectionrange,butwasgenerallystable-for
negativeprojections.Thecurvesof Ch agdnstaileronprojection
hecammorestablewithincreaseintheangleofattackandwereonly
slightlyorinconsistentlyaffectedby changesintheMachnmiber.
~flectionoftheflapKX3mted h a largerTafiationof Ch ~er the
projectionrengeandinmorenegativevaluesofaileronhinge-mdnentcoeffi-
cientcomparedto theflap-retracteddata,exceptatlargen9gativeprojec-
tioaa,wherealmostsimilarvalueswereobtainedinbothflapconditions.
Theseirregularhinge-momentvariationscouldprobablybealleviatedsome-
whatby properventi~oftheplug ailercm(seereferences7 and6).

.
P1ug aileronmaiifiedbyre~ theO.OICtopplate.-Thecharac-

teristicsoftheplugailennmtifiedby replacingtheO.OICtopplate
.

— .—
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withoneaswideastheaileronbody(b )inch, andtherebyleavingan
enlargedslotinthewinguppersurfa&ebehi&itheaileroa,areshownin
figures15to 19.

Therolling-effectivenesscharacteristicsof thismmiifiedplug
aileronweregenerallythessmeasthoseofthebasicplugaileron,
particularlyas regardstheincreaseineffectivenesswithMachnumber
andflapdeflection.(comparefigs● 15*O 19withfigs.10to 14.)
Withflapretracted,however,themodifid.plugailermexhibitedless
rollingeffectivenessatlargeanglesofattackthanthebaaicplug
aileronend,at IOWprojecti~,exhibitedanineffectivere~on that
becsmemoreadversewithincreaseinangleofattackandlessadverse
withincreaaeinMechnuniber.Withflapdeflected,,lesspositivevalues
of Cz weresometimesobtained(at M = 0.13and0.19)withthemcdified
plugailermthroughuttheprojecticmrangethenwiththe%~ic plug
aileron.Forbothflapconfigurations,an increaseintheangleof
attackhadan inconsistenteffectontherollingeffectiveness. Because
ofthenatureoftheseresults,thesephenomena&e believedtobe asso-
ciatedwiththescaleorMachnumberofthetestsandwiththeairleakage
throughtheenlargedwingaileronslotwiththeaileronneutral.(compare
thevaluesofliftcoefficientinfigs.10to13withfigs.15to 18.)

Thesameeffectsandtrendsoftheyawing-moment-coefficientcurves
previouslydiscussedforthebasicplugailerongenerallywereobtained
withthemodifiedplugaileron.

Thedependenceofaileronhtngemomentonailerontop-edgeareais
illustratedbythesimilarityofthemagnitudeof thehinge-momentcoeffi-
cientsforthemcxiifiedplugailercmandforthebasicplugaileronat
zeroprojection.Themodified~lug-ailerondata,however,usually
exhibited.lessstabilitywithnegativeaileronprojectionwhentheflap
wasretractedandmorestabilitywhentheflapwasdeflected.The
modified-plug-ailerondataalsoexhibiteda largervariationof ~
overtheprojectionrangethanthebasic-plug-ailerondata,andthe
valuesof Ch forthemodifiedpluggendrallybecmemorenegativewith
increapein a overmostoftheprojectionrange.In allotherrespects,
thevaluesof Ch forthemodifiedplugwereaffectedby changesin
Machnuniber,angleofattack,endflapdeflectioninthesamemanneras
thevaluesof Ch forthebasicplugaileronpreviouslydiscussed.

PIURaileronmodifiedby enlar@.ngthePIURslotto therearofthe
ailerononthewinglowersurface.-Thelateral-cmtrolcharacteristics
prcilucedbyyrojectionoftheplug’ailermmmiifiedby enlargin$the
‘plugslottotherearofthebasicplugaileronm thelowersurfaceof
thewingareshowninfigures20 and21 fortheflap-retractedandflap-
deflectedconfigurations,respectively.Ccnuparisonofthesedatawith
thosegiveninfigures10to14 forthebasicplugaileronMicates no
Importantchsngeinthebasic-plug-ailermcharacteristicsas a result
of
on

—....—

enlargingtheplugslotonthewinglowersurface.Theenlarged,slot
thewinglowersurfacebehindtheailerondidnotproducethere@on

\
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ofrollingineffectivenessforsmallprojectionsthatwaspraiucedhy
theplugailermwiththeO.OICtopplateremovedenda largegapon
thewinguppersurfacebehindtheaileron(ccnqarefig=20withfig.15).
This factappearsto indicatesomeeffectprcducedby thetopplatein
hnprovfigtheeffectivenessatSDKU projections.

Other~lu~-~leroaconfi~ tions● -Theeffectsoathelateral-
controlcharacteristicsofvaryingthesizeofthewingaileronslot
aheadoftheaileronorofsealingtheaileronperforatimmareshown
h fi~s 22 ~d 23. Forpurposesofcompa?zLson,thebasic-plug-aileron
data(unsealedaileronperforationsendO.002cslotaheadofailerm)
havebeenincludedin thesefigures.

Sealingtheaileronperfomtionshadnonotableeffectonthebasic-
plug-ailerondataotherthsnproduc~ morenegativehinge-mcmentcoeff1-
cientsinthenegativeprojectionrangewithflapretractedandproducing
a smallreductioninrollingeffactivenessforlargenegativeprojections
=d-mom positivehinge-mmnentcoefficientsforsmallprojectionswith
flapdeflected.Thiseffectontherollingeffectivenessdidnotconform
totheimprovedeffectivenesspreviouslynotedwhenperforatimswere
sealed(reference15),buttheaileronareapmovedby theperforations
in thepresentinvestigation(about9 percentofunperfomtedaileron
mea) wastoosmalltoproduceanyimportantchangesinrollingmoment.

Decreasingthesizeoftheslotaheadoftheaileronby installation
ofa wipersealwhentheailermperforationsweresealedusually
producedmorenegativerollinnmamentsforpositiveprojectionsendmay
havea slightmeasurableeffectonthecha~teristicsofwing-ailerm
installationsemployingpoqitiveandnegativeprojections.

Increasingtheslotaheadoftheaileronto0.00h resultedina
decreaseineffectivenessforsmall.negativeprojections,flapretracted,
anda decreaseineffectivenessforlargeprojections,flapdeflected.
Theeffectsm thehinge-momentcharacteristicsofenlargingtheslot
aheadoftheaileronwereeitherinconsistentorsmall.

Theplug-aileronmodificationsjustdiscussedhadnomaterialeffect
inchangingtheyatigmment characteristicsofthebasicplugaileron.

Lateral-ControlCharacteristics-RetractableAileron

Basicretractableailerm.-Dataobtainedby projectionofthe
basicretractableaileronatvariousanglesofattackandMachnumbers
areshowninfigures24 and25 ~d figures26 and27 fortheflap-
retractedandflap-deflectedconfigurations,respectively.Itwillbe
notedthatno hinge-maneritdataarepresentedforzeroaileronprojection,

.

becauseinthispositiontheloweredgeoftheaileronisincontact
withthesealcoveringthewingailermslotonthewinglowersurface.

.
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Thevaluesofrolling-momentcoefficientincreasedwith
projecticmovermostoftheprojectionrange,flapretracted
(figs.24 to27),%utshowedinconsistenttrendsofreversed

aileron
ordeflected
rolling

effectivenessforsmallprojectionsatvariousanglesofattackand
Machnmiberswithflapdeflected(fig.26),a phenomenonusually
exhibitedby retmctableaileronsintheflap-deflectedconfiguration
(reference4). Therollingeffectivenessprcducedby theretractable
ailerongenerallyincreasedwithincreaseintieMachandReynolds
numbersinbothflapconfigurations,particularlyforsmallprojections
intheflap-retractedconfiguration(figs.24,26,EUX128).

Withtheflapretracted,smallaileronprojectionsweresomewhat
ineffectiveinproducingrollatlowanglesofattackendlowMach
nuribers,butan increaseintheangleofattackincreasedtheeffectiveness
inthisprojectionrange.However,aspreviouslydiscussedinthesecticn
dealingwiththebasicplugaileron,thisineffectiveregionprobably
wouldnotbe encounteredinflightby anairplanewithevenmcderate
performancecharacteristics.Forsuchan airplane,flap-retractedflight
wouldbe athighspeedandlowanglesofattackendviceversa;therefore,
rollingeffectivenesswouldvaryalmostlinearlywithaileronprojection.
In eitherflapconfiguration,anangle-of-attackincreasehadno consistent
effecton rollingeffectivenessatlargeprojections.Thislackof
consistencyisincontrasttothedecreaseineffectivenessexhibitedby
retractableaileronsonwingshavingccmventionalsectionswhenthe
angleofattackwasincreased(references1, 4,and7).

Withthefull-spanflapdeflected,thevaluesof Cl obtatied
wereccmsiderablylargerthemthevaluesof CZ obtainedwithflap
retracted;themxdmumvaluesof Cl obtainedbelowthestaU.angle
withflapdeflectedwereappro~tely 100percentlargerthentheflap-
retractedvalues.(Conprefig.24withfig.26.) h addition,the
retractableaileronprovidedlargevaluesofrolling-mmentcoefficient
abovetheflap+eflectedstallangle(fig.26(e)).Thesevaluesof Cz
obtainedabovethestallanglewerelargerthanthoseobtainedwithflap
retractedatanyangleofattack.

At projectionsaboveapprwimately-7percentchord,a dropin
rollingeffectiveness-previouslynoted-anddiscussedforthebasic
plugailercmwhentheaileronprojectsabovethewingsurfacesoas to
leavea gapbetweenaileronandwing-wasobta~edwiw ihebasic
retractableaileron.Thedataoffigures24 and28 indicatehowthis
dropineffectivenessdecreasedwtthincreaseinMachnmiber.

Thevaluesoftheyawing-momentcoefficientobtainedwithretractable-
aileronprojectimgenerallyhadtheseinesignasthevaluesofrolling-
momentcoefficient,atanglesofattackbelowthestallangle,andhence
werefavorable,particularlyintheflap-retractedconfiguratim.These
valuesofyawingannentcoefficientgenerallybecamemorefavorablewith
aileronprojectimandlessfavorableastheangleofattack3ncreased
(figs.24 to27). Machnwhberchangeshadnonotableorcmsistent
effectontheyawing-momentcoefficients.Lessfavorableyawingcharac-
teristicsgenerallywereobtainedwithflapdeflectedthanwithflap
retracted.
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. .

Thecurvesofhinge-mmentcoefficientagainst.aileronprojection
forthebasicretractableaileronwereunstableatsmallprojections
butbecamestableat largeprojectionsin eitherflapconfiguration.
TncreaseinMachandReynoldsnuniberswithflapdeflectedgenerally
resultedina smallshiftofthe ~-curvestowmdmorenegativevalues.
bcrease.intheangleofattackineitherflapcmditionproducedno
consistentchangeinthehingemomentdata.me ~~ues of Ch for
smallprojectionswerequitesimilarinbothflapconfigurations,but
atlargeprojectionsmorepCISitivevdUes of Ch wereobta~d wi~
flapdeflectedthanwithflapretracted.

Retractableaileronmd.ifiedby enlarg@?theailermslotbehind
theaileronm thewingUPPer surface.-Thecharacteristicsofthe
retractableailermmodifiedby enlargingtheaileronslotbehindthe
aileronfr&O.002cto0.00& areshown3nfigures29and30. This
modificationtotheretractableaileronprcilucednomeasurableor
consistentchangeintherollingmcmentoryawing-mmentcharacteristics
ofthebasicretractableailerondiscussedh thepreceedlngsecticm
(camParefigs.29 ma 30withfigs.24to27). Thereversal.in effective-
nessyroducedby smallailermprojectionsin tieflap-deflectedconfigu-
rationforthebasicretractableailercmisalsoshownforthemodified
aileron.

As a resultofenlargingthewingslotbehindtheaileron,more
positivevaluesofhinge-mcmentcoefficientanda morestablevariation
of Ch withprojectionforml-l projectionswereobtained.At luge
projections,thevaluesof ~ wereabout.thesameasthoseotitained
withthebasicretractableaileron;therefore,thevariatimof Ch
overtheprojectionrangewassmallerforthemodifiedretractable
aileron.A largervariationof Ch overtheprojectionrangewas
obtainedwithflapdeflectedthenwithflapretracted.

Retractableailermmdifiedby installinganO.OICtopplateon
theaileron.-Thslateral-controlcharacteristicsexhibitedby the
retractableaileronmodifiedby installinga O.OICtopplatem the
aileronareshowninfigures31and32. A comparisonofthesefigures
withfigures24 to27 showsthatthemodificationofthebasicretractable
aileronhadelmastno effecton theyawingakmentcharacteristics.The
modifiedretractableailerongenerallyproducedslightlysmallervalues
of c1 atvaluesof M below0.61andslightlylargervaluesof Cz at
valuesaf M above0.61thandidthebasicretractableaileron.

Aswaspreviouslyindicatedfortheplug-aileronconfiguration,the
areaoftheailerontopedgeaffectstheaileronhingemcments,especiSJ.ly
neartheaileronneutralposition.Thisfactiscorroboratedby the
similarityin thevaluesof Ch obtatiednearzeroprojectionforthe
modifiedandbasicretractableailerons.Ih addition,thecurvesofthe
hinge-momentcoefficientagainstailermprojectionforthemodified
aileronwerestableovermostoftheprojectionrange,hada smaller
variationinthevaluesof Ch overtheprojecticmrange,and.had

— — —— -- –———-- — .—
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smallerpositivevaluesof Ch atlargeprojectionsthanthebasic
retractableailerm.It isratherinterestingtonotethatthevaZues
Of Ch overtheprojectionrangeforthismcdifiedretractableaileron
ares~lar to thoseofthebasicplugaileronintheflap-retracted
configuration(ccmpanfig.31withfig.10(b)).

data
have

ComparisonofLateral<ontrolCharacteristicsofthe

BasicYlugandRetractableAilerons

Forpurposesofdirectcomparison,sopeofthelateral-control
previouslypesentedfor.boththebasicplugandretractableailerons
beenreplottedforsimilartest’cmditicmsinthesadafigure.(See

figs.33and34.) A moreccmqletecomparisonofthesedatacanbemade
withfigures10to14 md figures24 to28.

Ingeneral,theyawing-momentcharacteristicsofboththeplug
andretractableaileronsweresimilarandexhibitedthesanmtrendswith
angle-of-attackchange,flapdeflection,andMachnmiber.

Boththeretractable-aileronandtheplug-ailerondataexhibited
generalticreasesinrollingeffectivenesswithincreasein theMach
nuniber,buttheretractable-ailerondatadidnotexhibittheslight
decreaseineffectivenessproducedby theplugaileronat lowanglesof
attackwhentheMachnuniberwasincreasedfrom0.27to O.~1. (See
figs.14ana28.)

Withthefull-spanflapretracted,thevaluesof Cl obtainedwith
thebasicplugailerongeneral.lywerethesameasthoseforthebasic
retractableaileronforsmallprojectionsabovethewing,butthe
retractableaileronpralucedslightlyl&.rgervaluesof Cz forinter-
mediateendlargeprojecticms.Thisgreatereffectivenessexhibited.
by theretractableaileroncmpazwdto theplugaileronisintirect
contrasttotheresultsobtainedfromtestsofplugendretractable
aileronsonwingshavingconventionalairfoilsections(references4
end5). However,thelow-dragwingemployedinthe2resentinvestigation
haditsmaximumthiclmesslocatedfartherdownstreamthanthelocatim
ofwingmcchnumthicknessontheaforementionedconventionalwings,
endthewingplugslotonthewinginvesti~tedwasfairlynarrowwith
probablyverylittlescoopeffect.Unpublishedpressure+istribution
dataobtainedina spoiler-type-aileroninvestigationofawing employing
anairfoilsectionsimilarto thatofthepresentwingindicatedthe
possibilityofno flowora downwardflowofairthroughthewingslot
whentheplugaileronwasyrojectedintheflap-retractedconfiguration.
Thislackofordownwardflowofairwouldtendtohaveeitherno effect
ontheplug-aileronrollingcharacteristics&sc~ared totheretractable-
aileronrollingcharacteristicsor’an effectsuchasto reducetheplug-
aileronrollingeffectivenetisintheflap-retractedconfiguration.This
reductioninrollingeffectivenessof theplugaileronwasapparently
obtainedinthepresentinvestigation,as shownby thedataoffigure
In theflap-deflectedconfiguration,thepressuredifferencebetween

-—.—— ——.——-.— —-..—. — .—
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thetwowingsurfacesinthevicinityofthewtigplugslotissufficient
toinducea flowupwardthroughtheslotandtherebyincreasethe
effectiveness.Itwouldseem,therefore,thatin ordertoobtaimthe
increasedrollingeffectivenessprovidedby a wingslotbehinda spoiler-
ty-peafleron,thepressuredistribution(andhence,locatimofwing
maximumthictiess)inthevicinityoftheailermandthedesignofthe
- Plugslot~ofldbe COnSidemdh thedesia ofsuchconfigurations.

hcreaseinangleofattackbelowthestallanglegenerally
increasedtherollingeffactivenessoftheplugaileronbutprcxiuced
a negligibleeffectonrollingeffectivenessoftheretractableaileron.
Jkflectingtheflapalsohadmoreeffec%in increasingthevalues
of Cz fortheylugallermthanfortheretractableailercm.Withthe
flapdeflected,considerablylargervaluesof Cz generallywereobtained
overtheentireprojectionrangefortheplugaileronthanforthe
retractableaileron,andthetendencytuwerdreversalofeffectiveness
forsmallprojectionsexhibitedby theretractable-ailercmdatawasnot
shownby theplug-ailerondata.

Valuesofthehelixanglepb/2V
~
eneratedby thewingtipina

cl
rollwerecomputedfrmntheequatim ~ = —clp’ where Czp isthe

dam@ng-in-rollcoefficient,andindicatedtheeffectivenessoftheplug
andretractableaileronsinvesti@ed,particularlywithflapdeflected.
Forexsmple,atlowspeedswithflapretracted,whichisperhapsthe
leasteffectiveflightrangefortheailerons,thecmuputedvalue
of Tb/2V formaxlmnmprojectionis about0.08orhigher,basedona .
valueof Czp (obtatiedfrm reference16)of0.40.

Withtheflapretracted,thevaluesof Ch fOrboththeretractable
andplugailercmswereaboutthessmenearzeroprojecti.m, andthe
variationof Ch withprojectionfortheplugailerongenerallywas
morestableovera greaterpartoftheprojectionrangethenforthe
retractableaileron.Withtheflapdeflected,thevaluesof Cb near
theaileronneutralpositionandforlargeprojectionsweremorenegative
fortheplugaileron.Also,withflapdeflected,theplugallemnhad
a largervatiatimof Ch overtheprojectionrangeandhadmorestable
curvesof Ch againstprojectionthantheretractableaileron.In
addition,thevaluesof Ch fortheplugaileronexhibiteda larger
changewithflapdeflectionthendidthevaluesof Ch fortheretractable .
aileron.Witheitheraileron,chsngesintheMachnumberhadslightor
negligibleeffectson Ch.

It shouldbehome inmindthatthecharacteristicsoftheplug
aileronandtheretractableaileronmaybe changedsomewhatby several
modifications,as discussedpreviouslyandshowninfigures15tb23
and29 to 32fortheplugsndretractableailerons,respectively.The
characteristicsoftheplugandretractableaileronsmay=SO %e changed
by othermodifications,asdiscussedinreferences5,6,and17. These

*

.

—
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changeswouldbemainlyinthehhge-mcmentcharacteristicsandare
consideredmnewhatsecondarybecausethestickforcesthatwouldbe
“providedonanairplaneutilizingeitherofthespoiler-typedevices
tivestigatedareratherlowormaybe maskedby a boostersystem,a
mechanicaldeviceproviding“stickfeel,“orby a “feele#ailerm
(reference18). Forexsmple,thehingemomentprovidedonthemdel
investigatedhereipata dyasmicpressureof200poundspersquarefoot
(approx.300mph)andat a velueof Ch of1.0was4.8foot-poundsand
2.0foot-poundsforthebasicplugandretractableailerms,respectively..
Thecharacteristicsofthepositive-projectionrangefortheplugaileron
shouldbe considendinthedesi~ ofthecontrollinkageanddifferential
ofthecontrolsystemifa radicaldifferential,suchaawouldbe required
withtheret&ctableaileron,istobe avoided.

Comparismof

Retractable

tievariations

Lateral-ControlCharacteristicsoftheIlugami

AileronswithThoseofa SealedFlainAileron

ofrolling-momentcoefficientwithMachnumberfor
thebasicplugandretractableaileronsinvestigatedhereinandfora
sealedplatiaileronpreviouslyinvestigatedonthesamewing(refer-
ence10)arecomparedh figure35. Thesealed-plain-ailerondatashowed
a generaldecreaseinrollingeffectivenesswhereastheplugandretract-
ableaileronsshoweda genetiincreaseineffectivenesswithincrease
intheMachnumber.Thiseffectis similartothatobtainedinanalmost
similarinvestigation(reference9) ofa thickersemisanwingatReynolds

7andMachnumibere(overthespanoftheaileronstestedwhichwere
canparabletothoseexistingherein.

Furthercomparisonsofthesedatawiththedataofreference10
indicatea slightlossin effectivenessoftheseeledplainaileronas
theangleofattackincreasedneartheflap-ntractedstallangle;whereas
theplugaileronandretractableailermofthepresentinvestigation
gavean increasedeffectivenessandan inconsistenttrend,respectively.
Also,thespoiler-typeaileronsprcducedextremelylargevaluesof Ct
intheflap-deflectedconfiguration~d exhibiteda largeamountof
effectivenessabovetheflap-deflectedstallangle;whereaaconventional-
ailezmneffectivenessiS hm to receiveno substmtieJboostasa
resultofflapdeflectionandto“washout”abuvethewingstall.

Whencomparingspoiler-typeaileronswithconventionalailerons,
itshouldbe remeniberedthatthespoiler-typeaileronpro~ectsabove
onewingandremainswithinthewingcontourorprojectsslightlybelow
thelowercontourontheotherwhgwhenthecontrolstickisdisplaced
laterally;therefore,thespoiler-type-aileroneffectivenesson one
wingiscamyarableto theconventiaual-aileroneffectivenessonboth
wings.Moreover,spoiler-tyyeaileronspermituseoffull-spanflaps
to increasethewinglift,andthespanofa spoiler-typeailennmaybe
increased- to increasetheaileroneffectiveness-withoutadversely

————
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sffectingtheairplaneliftcharacteristics;whereasconventional
aileronsUmit theflapspan,andhencetheairplanelift,andattempts
toincreaseaileroncontrolby increasingthe aileron spanwouldbe
detrimentaltotheperformanceoftheairplane.

A comparisonoftheyawing-mmentcharacteristicsoftheconven-
tionalai~ermofreference10andthespoiler-typeaileronsofthe
presentinvestigationreveslsthegenerallyfavorableyawingcharacter-
istics- suchaato increaseailermeffectiveness- oftheplugand
retractableaileronsandtheUnfavo=bleyawingcharacteristicsofthe
conventional.ailerm.

,

Thehinge-mmentcharacteristicsoftheylugandretractable
aileronsarescmewhatirregularincomparisonwiththecharacteristics
ofthesealedplainaileronofreference10. Theplugandretractable
ailerons,however,providedvaluesof Ch thatexhibiteda~ostno
Maohnumlereffectsandprovidedlowhingemomentsthatcouldbemasked
oraltered(aspreviouslydiscussed)andpermitlargeaileronprojections)
hencecontrol,athighspeed.Thevaluesof Ch forthesealedplain r.
aileronincreasedwithMachnumberandthehingemmentsprobablywould
~t theailemmdeflection,hencethe

CONCLUSIONS

controly athighspeeds.

A high-speedwind-tunnelinvestigationwasmadetodeterndnethe
lateral+ontrolcharacteristicsofplugandretractableaileronsona
thti,low-drag,semispanwingequippedwitha 25-percent-chorfl,full-span,
slottedflap.Theaileronstivestigatedcovered49percentofthew$ng
semispan,werelocatedatthe70-percent-chordstation,andwere.perfo-
ratedandsegmented.Theinvestigationwasperfomnedthrougha Mach
numberrangefrma0.13to 0.71.TheMaohsndReynoldsnumiberswere
simultaneouslyvariedduring~heinvestigation.Theresultsofthe
investigationledtothefollowingccmclusions:

1.Withflapretractedordeflected,‘thevaluesofrolling-moment
coefficientprmlucedby projectionofthebasicplugorretractable
aileronsgenerallyincreasedwithincreasein theMachandReynolds
numbers,particularlyforsmallprojectionsintheflap-retractedconfig-
uration. Therollingeffectivenessofthebasicplugailermgenerally
ticreasedwithincrea8eintheangleofattackinbothflapconfigurationsJ
whereastherollingeffectivenessofthebasicretractableailerm
generallyincreasedwithincreaseb theangleofattackonlyat small
projectionsintheflap-retractedconfiguration.AUnostlfiearcontrol
effectivenesswithaileraprojectionprobablywouldbe providedinflight
bybothaileronsatallspeedsintheflap-retractedcmsi?iguratim.
Appreciablylargervaluesofrolling~nt coefficientwereproducedat
allDro.%ctimsofthebasicDhU? ad retractableailero~ wi~ the ffil-

.

span’fl~pdeflectedthan
valuesofrolling-moment

were’pr&lucedwithflapretracted,andlarge
.

coefficientwereprcducedby bothailercmsabove

—.—
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theflap+eflectedstallmgle. Inconsistenttrendsofreversedrolling
effectivenessforsmallprojectionswereexhibitedby theretractable
aileronwithflapdeflected.

2.Favorablevaluesofyawing-momentcoefficientthatbecameDre
favorablewithaileron~ro~ection,lessfavorablewithincreasein the
angleofattack,andwereessentiallyunaffectedby ticreaseintheMach
numberweregenerallyobtainedwiththebasicplugemdretractable
aileronsat anglesofattackbelowthew3ngstall.

3.The variationof h5nge-mmentcoefficient withprojection of
eitherthebasicylugorretractableaileronswasgener%llyirregular
overtheprojecticmrangeandexhibitedeithersmallorinconsistent
changeswithincreaseintheMachnmiber.Thecurvesofhinge-moment
coefficientagainstaileronprojecticmfortheplugailermwithflap
,retractedweregenerallystableoverthenegativeproJecticmrangeand
becamemorestablewithincreasein theangleofattack;whereasthe
correspondingdataoftheretractableaileronweregenerallyWtable.
forsmall.projecticms,stibleforlargeprojections,andwereinconsist-
entlyaffectedby changestithe~-e ofattack.Withtheflapdeflected,
morenegativevaluesofhinge-mcmmntcoefficientwereobtainedat small
projectionsofthebasicplugaileronandmom positivevaluesofhinge-
momentcoefficientwereobtainedatlargeprojectionsofthebasic
retractableaileronthanwereobtainedwithflapretracted.

4.Severalmoclificatimsofthebasicplugandbasicretractable
‘aileronswereinvestigatedandwen observedtohaveeithera slightor
a negligibleeffectontheailermrolling-m~ntcharacteristicsanda
subst~tialeffectonthehingeanomentcharacteristics.A meansof
altering,to saneextent,thelateral-controlcharacteristicsofthe
aileronistherebyavailable.

5. A ccnnparisonoftiecha&teristicsofplugandretractableailer~a
indicateds3milaryawing-manentcharacteristicsforbothailerons,
slightlylargervaluesofrol.lingaonmntcoefficientfortheretractable
aileronwithflapretractedat intermediateandlargeprojections,-and
substantiallylargervaluesofrolling—momentcoefficientfortheplug
ailermwithflapdeflectedovertheentireprojectionrange.In addition,
thetendencytowardreversalofeffectivenessforsmallprojectionswith
flapdeflectedwhichwaaexhibitedby theretractable-ailerondatawas
notshownby theplug-ailerondata.Thevariationofhinge-momentcoeffi-
cientwithaileronprojectiongenerallywasmorestableovera greater
partoftheprojectionrangefortheplugaileron,andthevaluesof
hinge-momentcoefficientoftheplugailermexhibiteda largerchange
withflapdeflecticmthan.didthevaluesofMnge-momentcoefficientof
theretractableaileron.

6.A compari~onofthedata for plug and retractabl~.aileronswith the
data obtainedwith a sealedplainaileronon the seinewing indicated
the generallymore beneficialeffectsobtainedwith the spoiler-type
ailerons. Increaseof rollingeffectivenesswitiwh ntier and flap

-.
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deflection,controlabovetheflap-cleflectedwingstallangle,generelly
favorableyawingmoments,andno appreciableeffectsofchengesinMach
nuniberonthehinge-nmmentcharacteristicswereobsemedforthespoiler: ,
t~e devicesas contrastedto oppositetrendsshownoranticipatedfor
thesealedplainaileron.

LangleyMemorialAeronauticalLaboratory
NationalAdvisowCommitteeforAeronautics

-ey Field,Va.,Apti 7,1948
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(a) Frontviewshowingaileronprojectingfrom uppersurfaceof wing.

(b) Rear viewshowingaileronprojectingfrom uppersurfaceof wing.

Figure 1.- Reflection-planemodelin invertedpositionwithfull-span
flap retracted.
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Figure2.- Rearviewofreflection-planemodelininvertedpositionwithfull-spanflapdeflected.
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Figure3.- Schematic
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(a) Easlcplug-aileronarrangement.
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(b) Eaalcretractable-aileronarrangement.

Figure4.- Schematicdrawingof basic plug-aileronandretractable-
aileronarrangementstestedon semispanwing. *
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Figure 5,- Details of aileron and aileron actuating arms installed on semispan wing. (All dimension
are in inches except where otherwise noted. )



30 NACA’ITTNO.1663

.Ouzc

(a) PlugatlerOnti&O.Olctip
plkteremove&

.oOzc

+-.A98C
(b) Plug aileronwltb.enlar@ (c) Plugaileronwithenlargsd

plugslotonwinglower wf.ngslotaheadof aileron.
surface.

—

f

(d)Plugaileronwithperfotions sealed. (e) Plugaileronwttbperforationssealedand
wipersealinstallsdinslotaheadof allerm

*

Figure6.- Sketchesof modfied plug-aileronandmodifiedretractable-
aileronarrangementstestedon semispanwing.
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Figure 7.- Variation of Reynolds number VJIthMach number. Reynolds number is based on wing me-
aerodynamic chord of 2.86 feet.
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Figure 8.- Aerodynamiccharacteristicsof
semispanwingmodelwithflapretractcxtat
Mach numberof0.71.

F@ure 9.- Aerodynamic characteristics of
semispan whug model with full-span slotted
flap deflected 45° at Mach number of 0.13.
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Figure 10. - Variation of lateral-control characteristics of complete wing with plug-aileron proj ection

.

at various Mach numbers. Full-span flap retracted.
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Figure10.- Continued.
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Figure 11. - Variation of lateral-control UJu
characteristics of complete wing with
plug-aileron projection at various
angles of attack. Full-span flap retracted.
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Figure 12. -

(a) u x -6.3°; CL x 0.98.

Variation of lateral-control ctiracteristics of complete wing with plug-aileron
w
4

projection at various Mach numbers. Full-span flap deflected 45°.
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Figure 12. - Conclud4.
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Figure 13. - Variation of lateral-control characteristics of complete wing with plug-aileron proj ection
at various angles of attack. Full-spn flap deflected 45°.
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Figure 14, - .Variation of lateral-control characteristics of complete wing with Mach number at
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Figure 15. - Varlation of lateral-control characteristics of complete w~g with projectionof m~ed ““
plug aileron at various Mach numbers. Plug aileron modified by remoting O.OIC top plate.
Full -span flap retracted.
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Figure 15. - Concluded.
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Figure 16. - Variationoflateral-controlcharacterlsttcsofcomplete wing withprojectionof modified ~
plug aileron at various angles of attack. Plug aileron modified by removhg O.OIC top plate.
Full-span flap retracted.
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Figure 17. - Variation of lateral-control characteristics of complete wing with projection of modified S
plug aileron at various Mach numhrs. Plug aileron modifi~ by removing O.OIC top plate.
Full-span flap deflected 45°.
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Figure 18. - Variation of lateral-control characteristics of complete wing with projection of modiWd N
plug aileron at various angles
Full-span flap deflected 45°.

of athck. Plug aileron modified by removing O.OIC top plate.
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Figure 20. - Variation of lateral-ontrol characte*tics of complete wing with aileron projection of
modified plug aileron. Plug aileron modified by enlarging plug slot on wing lower surface.
Full-span flap retracted.
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Figure 21. - Variation of lateral-control characteristics of complete wing with aileron proj ection
modified plug aileron. Plug aileron modified by enlarging plug slot on wing lower surface.
I?ull%pan flap deflected 45°.



I I I I I I I I 1 I ,.-y. 1

(b) a z 7.0°;

Figure21.-

CL %1.76.

Concluded.

P
m
8’

,



-%-

.j

-10 -8 -6 -4 -2 0 2
Allw prqti}im, Pm} dud

(a) u * 0,2°; CL% 0.12; M = 0.61.

-# -8 -6 -4 -2 0 2

AIhm p@ct[on , perced cho-d

(b) ~ X 7.1°; CL X 0.64; M = 0.19.
—

v!
Figure 22. - Variation of lateral-control characteristics of complete wing with tieron projection for

several modifications of plug aileron. Full-span flap retracted.
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Figure 23. - Variation of lateral-control characteristics of complete wing with aileron projection for
several modifications of plug aileron. Full-span flap deflected 45°.
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Figure 24. - Conclud@L
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Figure 25. - Variation of lateral-control
characteristics of complete wing with
retractable-aileron projection at various
angles of attack. Full-span flap
retmicted.
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(a) a % -6.3°; CL % 0.98.

F@yre 26. - Variation of lateral-control characteristics of complete wing with retractable-aileron
projection at various Mach numbers. Full-span flap deflected 45°.
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Figure 27.- Variation of lateral-Control characteristics of complete wing with retractable-aileron
projection at various angles of attack. Full-span flap deflected 45°.



I

I

I

72

‘j!L5
I I I

‘YTY-t-
1 , I , I

-d

-/0 -8 -6 -4 -2 0 2 !3

Ailmn p]ec+}m , /#YC!?d Ghwd .?

‘P
m

(b) M = 0.27. 8

Figuke 27. - Concluded.



I

‘05mln-rrii

77’/’
1 1 1 1 I I I t

.0

(a)

2 ,4 ,6 ,8
Mach number, M

a % -2.1°0

,

/

-7- /,
/ ,7

-m5-
../:

- -5 e
/

/
-4- / /

— -3 t

/’
-2 ‘ /

— i “ /’

——

o .Z .4 ,6 .8
Mach ntimber,M

(b)a x 0.2°.

Figure 28. - Variation of lateral-control characteristics
various retractable -aileron projections.

o ,E .4 .6 d?
Mach number, M

(c) m x 2.6°.

of completewingwMh Mach numberat
Full-spanflapretracted.



-10 -8 -6 -4 -2 0 2

Aileim pr@ctim , perced dwo’

(a) a X 0,2°; CL% 0.13.

-10 -8 -6 -4 -2 0 2

Aibw pkjecfhn , percenf M

(b) ~ = 7.1°; CL 20.65.
ml

Figure 29. - Variation of lateral-control char~cteristics of complete wing with projection of modified S
retractable aileron at various Mach numbers. Retractable aileron modified by enlarging slot
behind zdleron on wing upper surface. Full-span flap retracted.
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I

~
I
I

I

-10 -19 -5 -4 -2 0 2
Aikrm proJedb , percenf CM

m

,07

.0/

o

-,0/

2,4
@

.4

0

-d

(b) a z 7.1°; CL x 1.81.

./0 -8-6-4-202

Mcmn pJecfim , perceni cm

Figure 33.- Concluded.



,

Is

.4

0

-d

IY

o

s +-8-6-4-202

,4tem ,wo]edlm , pwtd ckrd

Figure 31. - Variation of lateral-control
characteristics of comdete wti with
jectionof modified ret~actable ~eron-at
various Mach numbers. Retractable aileron
modified by installing 0.0 lC top plate on
aileron. Full-span flap retracted.
a X 0,20; CL %0.12.

.
-JO -8 -6 -4 -2 0 2

A&w pyw!bl , ,M-cC77tCblrd

(a) a’ ~ -1.8°; CL ~ 1.27,
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Figure 33. - Comparison of plug-aileron and retractable-aileron lateral-control characteristics on
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